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Synopsis
Magnetic resonance spectroscopy (MRS) bene ts from increased magnetic  eld-strength in terms of increased sensitivity and spectral separation and
human cerebral concentrations of neurotransmitters have been measured with improved precision at 7T. We utilize the high sensitivity at 7T for
accelerated magnetic resonance spectroscopic imaging (MRSI) of the gamma-aminobutyric acid (GABA) inhibitory neurotransmitter in the human brain at
7T using spectral editing (MEGA) and a semi-localized by adiabatic selective refocusing (sLASER) with echo-planar readout (EPSI). The proposed method is
shown to allow for localized GABA detection and demonstrate potential for e cient imaging of GABA.
Introduction
Magnetic resonance spectroscopy (MRS) bene ts from increased magnetic  eld-strength in terms of increased sensitivity and spectral separation of
resonances. At ultra-high  eld-strengths (7T) using single voxel spectroscopy (SVS) techniques, human cerebral concentrations of e.g. the gamma-
aminobutyric acid (GABA) inhibitory neurotransmitter has been measured with improved precision compared to lower  eld strengths (1). Metabolite
mapping is achieved by magnetic resonance spectroscopic imaging (MRSI). The standard Chemical Shift Imaging (CSI) technique can be used for this
purpose but this requires extensive acquisition time. Echo Planar Spectroscopic Imaging (EPSI) signi cantly accelerates MRSI by simultaneous encoding
of one spatial and the temporal dimension with echo-planar gradient oscillation during signal read-out (2), and the increased sensitivity at 7T can be
e ciently utilized for MRSI with EPSI. E cient detection of human brain GABA was recently demonstrated at 7T with a SVS MEGA sequence by semi-
localized by adiabatic selective refocusing (MEGA-sLASER) sequence with minimal chemical shift localization (CSL) error and with e cient spectral editing
of the GABA 3.0 ppm resonance (3). The purpose was to perform MRSI of GABA in the human brain at 7T with a MEGA-sLASER spectral editing sequence
using echo-planar readout. 
Materials and Methods
MRS measurements were performed on a healthy volunteer with a 7T MR scanner (Achieva, Philips, Cleveland, OH) interfaced to a 2-channel volume
transmit head coil and 32 channel receiver array (Nova Medical, Inc., Burlington, MA). A SVS MEGA-sLASER sequence was combined with an echo-planar
gradient waveform train during signal read-out (Figure 1) and was modi ed for optimal echo-planar gradient train onset. Gaussian pulses (5ms duration,
FW95%M=100Hz) were applied at the 1.99ppm resonances (on-pulse) for refocusing of the J-coupling evolution of the 3.0 ppm GABA resonance and at
the 7.0ppm (o -pulse) for the spectral editing. The pulse duration was selected to have the B0 inhomogeneity range over the imaged volume covered
within the FW95%M=100Hz of the pulse. The single MRSI imaging plane was a transversal midbrain slice above the ventricles with FOV =160x160mm2
(B1=18uT, 2nd-order shimming, matrix size=16x16, in-plane voxels size=10x10mm2, slice thickness=22mm, TR=4281ms, TE=74ms, signal averages=4).
The sLASER volume selection box was 80x80x22mm3 for lipid exclusion. The volume selection was obtained by an asymmetric excitation pulse combined
with four adiabatic refocusing FOCI-pulses to minimize CSL-errors. The read-out bandwidth per pixel was 4kHz and the spectral bandwidth of the echo-
planar gradient train was 2368Hz. The protocol consisted of one water suppressed (VAPOR, window=200Hz) scan (duration=9min) and a corresponding
water-reference scan (duration=2min) with the editing pulses turned o  for the latter. Spatially localized spectra were reconstructed with Matlab
software (Matlab, The MathWorks, Inc.) developed in-house with a Cartesian reconstruction in the spatial and temporal dimensions and including weak
temporal apodization (lw=16Hz), automatic phase corrections over coil elements and spatial locations, and eddy current compensation. The
measurements were performed according to the local ethical protocols. 
Results and Discussion
The spatially localized spectra were acquired with a signal-to-noise ratio of SNR=50 for the NAA-peak in the o -pulse acquisition, giving SNR=5 for
corresponding edited GABA-peaks (Figure 2). The selected method for shimming gave a B0-variation extending a range of 50-60Hz over the sLASER
selection volume, as assessed from the water reference scan. This range was well covered within the bandwidth of the Gaussian editing pulses
(FW95%M=100Hz) assuring no spatial variation in the editing performance over the sLASER selection volume. Spectral frequency shifts with spatial
location from B0-inhomogeneities over the sLASER selection volume were to a large extent compensated for by the water reference eddy current
compensation (Figure 2, middle). The absence of positional shifts in the spatial dimension of the spectrograms of Figure 2 demonstrates minimal CSL-
errors from the sLASER adiabatic refocusing. Little aliased peak disruption of the spectrums from the Cartesian reconstruction was observed in the
frequency range of interest, and an optimized non-Cartesian reconstruction can further reduce the e ect and related spatial blurring. 
Conclusion
A MEGA-sLASER sequence was combined with an optimized echo-planar read-out for accelerated MRSI while utilizing the high sensitivity at 7T  eld-
strength. The results show in vivo localized detection of the GABA inhibitory neurotransmitter and demonstrate potential for e cient image based
mapping of GABA. The technique may ultimately bene t studies of neurological and psychiatric disorders as well as studies of the healthy brain.
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Figures
Figure 1. Sequence diagram for the echo-planar MEGA-sLASER sequence with adiabatic refocusing (FOCI) and 5ms Gaussian pulses for the spectral
editing (MEGA) followed by pre-phase (px) and phase-encoding (py) gradients before the spatial and temporal encoding echo-planar read-out (EPSI).
 
Figure 2. Spectrograms (middle) from spatial column 8 in the phase-encode direction (left, green dashed line) of an MRSI scan for the editing on-pulse
acquisition (A), the editing o -pulse acquisition (B) and the subtraction (C) showing detected GABA and Glx peaks from the spectral editing. Example
single spectrums (right) are taken from spatial row 10 in the read-direction (middle, yellow dashed line). The image acquisition FOV and the sLASER
volume selection box are indicated with solid white and yellow lines, respectively (left and middle).
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